Abstract The log odds of positive lymph nodes (LODDS) was defined as the log of the ratio between the number of positive lymph nodes and the number of negative lymph nodes, which is a novel and promising nodal staging system for gastric cancer. Here, we aimed to compare the prognostic effect of pN, lymph node ratio (LNR) and LODDS. The association between overall survival and pN, LNR and LODDS was retrospectively analysed. The discriminatory ability and monotonicity of gradients (linear trend χ 2 score), homogeneity ability (likelihood ratio test) and prognostic stratification ability (Akaike information criterion [AIC] and receiver operating characteristic [ROC] curve) were compared among three lymph node staging systems. The pN, LNR and LODDS were all identified as independent prognostic factors for gastric cancer patients in the multivariate analysis. LODDS showed the best prognostic performance (linear trend χ 2 score 266.743, likelihood ratio χ 2 test score 427.771, AIC value 5670.226, area under the curve (AUC) 0.793), followed by LNR and pN. In patients with different levels of retrieved lymph nodes (≤10, 11-14, 15-25 and >25), LODDS was the most powerful for prognostic prediction and discrimination of the heterogeneity among the subgroups. Significant differences in survival were observed among patients in different LODDS subgroups after being classified according to the pN and LNR classifications. LODDS appears to be a more powerful system for predicting the overall survival of gastric cancer patients, as compared to LNR and pN, and may serve as an alternative nodal staging system for gastric cancer.
Introduction
According to the GLOBOCAN 2012 database, 952,000 new cases of gastric cancer and 723,000 cases of gastric cancerrelated death are reported worldwide, which correspond to the total malignant cases of 8.5 and 10.1 %, respectively. Lymph node metastasis is known to be one of the most important prognostic factors for gastric cancer. Although the lymph node staging system, based on the extent of lymph node metastasis, was abandoned in the latest guideline of the Japanese Gastric Cancer Association (JGCA) [1] , the prognostic ability of the lymph node staging system of the Union for International Cancer Control (UICC) remains controversial. Some authors indicated that the latest lymph node classification, as part of UICC staging, is influenced by the number of retrieved lymph nodes [2] . Moreover, certain studies suggested that the ratiobased lymph node system, which evaluates the ratio of metastatic lymph nodes and total retrieved lymph nodes, was theoretically superior to the involved number-based lymph node system, as the former system considers information of both metastatic and the total retrieved lymph nodes [3, 4] . The favourable results obtained from a comparison of survival with the ratio-based lymph node system suggest that this system may serve as an alternative to the traditional one. However, some studies indicated that patients with the same LNR staging had different survival outcomes, along with changes in the total number of retrieved lymph nodes, particularly when the LNR value was 0 or 1 [5] .
Log odds of positive nodes (LODDS) is a novel, promising lymph node staging system and is defined as the log of the ratio of the number of positive lymph nodes and the total number of retrieved lymph nodes. The LODDS system has a better discrimination ability for patients without metastatic lymph nodes and has been considered as a more reliable method than the pN or LNR systems for prognostic evaluation in gastric cancer patients [6, 7] . Till now, there is no study to compare the prognostic significance of pN, LNR and LODDS systems together in Asian patients after D2 lymphadenectomy.
In the present study, we aimed to compare the prognostic performance of the pN, LNR and LODDS lymph node staging systems and to determine the most appropriate lymph node staging system for predicting overall survival in gastric cancer patients.
Materials and methods

Patients and surveillance
Between January 1994 and December 2008, all the cases diagnosed with gastric adenocarcinoma after radical surgery in the Department of Gastrointestinal Surgery of the First Affiliated Hospital, Sun Yat-sen University, China, were retrospectively analysed. The eligibility criteria were as follows: patients with gastric adenocarcinoma diagnosed via a histopathologic examination; patients receiving R0 resection and D2 lymphadenectomy, or extensive lymphadenectomy if necessary; patient death due to cancer and patients with complete follow-up data. The exclusion criteria were as follows: patients with a history of malignant tumours at other sites or gastric stump cancer. patients who were diagnosed with distant metastasis preoperatively or during the operation, patients who received neoadjuvant chemotherapy or radiochemotherapy and patients who died due to postoperative complications. In total, 935 patients were included in this study.
Written informed consent was obtained from all the patients preoperatively. The study was approved by the Ethics Committees of The First Affiliated Hospital of Sun Yat-sen University.
All the cases were followed up every 3 months in the first 2 years, every half year in the after 3 years and every year thereafter. Follow-up program consisted of physical examination, serum tumour markers, chest X-ray, annual gastroscope, abdominal CT scan or ultrasound every 6 months. The last follow-up was in December 2014. The median follow-up time was 56 months.
Lymph node classifications
Lymph nodes were classified according to the seventh edition of the UICC/AJCC tumour-node-metastasis (TNM) system, based on the number of metastatic lymph nodes: N0, negative; N1, 1-2 positive lymph nodes; N2, 3-6 positive lymph nodes; N3, >6 positive lymph nodes. The LNR was defined as the ratio between the metastatic lymph nodes and total retrieved lymph nodes. The LNR ranged from 0 to 1 and was stratified at intervals of 0.1; it was used to compare the overall survival among each interval and among adjacent subgroups with similar survival outcomes. The LNR system was classified as follows: LNR0, 0; 0.01 < LNR1 ≤ 0.1; 0.1 < LNR2 ≤ 0.25 and LNR3 > 0.25. LODDS was defined as log ([pLN + 0.5] / [nLN + 0.5]), where pLN is the number of positive lymph nodes and nLN is the number of negative lymph nodes; 0.5 was added to both the numerator and denomination to avoid singularity. A similar method was performed to stratify LODDS, with an interval of 0.5. Thus, LODDS was classified as follows: LODDS1 ≤ −1.5, −1.5 < LODDS2 ≤ −1.0, −1.0 < LODDS3 ≤ 0.0 and LODDS4 > 0.0.
Statistical analysis
The overall survival rate was calculated according to the life table method, and the log-rank test was used to assess statistical differences between groups. Survival curves were established using the Kaplan-Meier method. All the parameters that were statistically significant in the univariate analysis were included in the multivariate Cox proportional hazard model. With the Cox proportional hazard model, the likelihood ratio (χ 2 ) test was used to measure homogeneity between groups, whereas the Akaike information criterion (AIC) was adopted to minimise any potential bias when comparing different prognostic systems. The AIC was defined by a −2 log maximum likelihood +2, multiplied by the number of parameters in the model. The discriminatory ability and monotonicity of gradients were measured using the linear trend χ 2 test. The accuracy of the prognostic evaluation of different staging systems was compared using receiver operating characteristic (ROC) curve analysis and the area under the curve (AUC). The accepted level of statistical significance was defined as P < 0.05. The statistical analysis was performed using the SPSS 18.0 statistical package (SPSS Inc., Chicago, IL).
Results
Clinicopathological characteristics and survival analysis
In total, 935 patients were enrolled, including 636 men and 299 women, with a mean age of 57.5 years (range, 24-87 years). The gastric cancer was located in the lower part of the stomach (44.7 %) in most cases, followed by the upper portion (31.6 %), middle portion (21.7 %) and the entire stomach (2.0 %). Moreover, the average number of total retrieved lymph nodes was 24.9 per case (range, 0-140). The mean number of involved lymph nodes in our cohort was 4.61 (range, 0-124). Among 18.6 % of the patients, lymph node retrieval was insufficient. The 5-year survival rate of our cohort was 54.0 %, with a median overall survival time of 53.3 months (range, 1.3-148.4 months). Table 1 shows the demographics and survival results of our study. 
Survival impact of pN, R stage and LODDS
The survival curves of patients according to pN, LNR and LODDS were all significantly different ( Fig. 1a -c) (all, P < 0.001). In the univariate analysis, age, tumour location, tumour size, gross type, histological type, number of retrieved lymph nodes, pN, LNR and LODDS were significantly correlated with overall survival (Table 2 ). All the potential prognostic factors identified in the univariate analysis were included in the multivariate analysis. All the three lymph node staging systems (pN, LNR and LODDS) were identified as significantly independent prognostic factors of overall survival in our cohort (Table 3) .
Comparison of prognostic ability among pN, R stage and LODDS
To identify the most appropriate system of representing lymph node involvement for the evaluation of overall survival in gastric cancer patients, we adopted the linear trend χ 2 score to evaluate the discriminatory ability and monotonicity of gradients, the likelihood ratio (χ 2 ) test to assess homogeneity ability and AIC value and ROC curve to compare the prognostic ability among the systems. We observed that LODDS had the highest linear trend χ 2 score and likelihood ratio (χ 2 ) test score, lowest AIC value and largest AUC (Table 4) . Therefore, we considered that the LODDS was superior to LNR and pN.
To elucidate the reason for the superiority of LODDS compared to pN and LNR, we created scatter plots of the relationship between LODDS and the number or ratio of lymph node involvement. As shown in Fig. 2a, b , the LODDS value increased with the number and the ratio of metastatic lymph nodes, indicating close relationships between LODDS and pN, as well as LNR. However, these correlations were not linear. When the number of lymph nodes involved was ≤10 or when the ratio of lymph node metastasis was <0.2, the curves of pN and LNR increased at a slower rate as compared to the LODDS, indicating that LODDS could be superior to pN and LNR in the prediction of long-term overall survival of the cases mentioned above. Moreover, when the ratio of lymph node metastasis was 0 or 1, the LODDS score was heterogeneous, indicating that the LODDS system had the potential to indicate different survival outcomes for patients with the same LNR stage, especially for cases with an LNR score of 0 or 1.
Correlation among the total number of retrieved lymph nodes, pN, LNR and LODDS A Pearson test was conducted to evaluate the correlation of the total number of retrieved lymph nodes with the pN, LNR and LODDS systems. A strong relationship was observed between the total number of retrieved lymph nodes and the number or ratio of metastatic lymph nodes (r = 0.214 and 0.077, P < 0.001 and 0.018, respectively). However, there was no association between the number of retrieved lymph nodes and LODDS (r = −0.038, P = 0.251). The results of Pearson analysis indicated that LODDS was positively correlated with pN and LNR (r = 0.868 and 0.888, P < 0.001 and <0.001, respectively), whereas a strong relationship was present between pN and LNR (r = 0.938, P < 0.001).
Evaluation of the prognostic value of different lymph node staging systems with different levels of retrieved lymph nodes
To assess the prognostic abilities of pN, LNR and LODDS with different levels of retrieved lymph nodes, all the patients were divided into four groups according to the number of retrieved lymph nodes: group 1 (≤10, n = 93), group 2 (11-14, n = 81), group 3 (15-25, n = 405) and group 4 (>25, n = 356). As shown in Table 5 , pN, LNR and LODDS showed prognostic stratification abilities among the different subgroups. We further compared the prognostic performance among the groups. We noted that in all four groups, the LODDS system had the highest linear trend χ 2 score, likelihood ratio (χ 2 ) test score and lowest AIC value, followed by the LNR system and pN system. Similarly, the LODDS system had the largest AUC in group 1 and group 3. However, in group 2 and group 4, the LNR system had the largest AUC, followed by the LODDS and pN systems (Table 6 ).
Survival analysis of the pN and LNR subgroups according to the LODDS stratification
To evaluate the survival impact of the LODDS stratification as per the pN and LNR systems, all the distinct prognostic cohorts stratified according to the pN or LNR systems were analysed based on different LODDS stratifications. We observed that the LODDS could discriminate among N0, N1, N2 and N3, regardless of whether the pN or LNR system was used, suggesting that LODDS had excellent prognostic discriminatory ability to assess the current lymph node system. All the survival data and statistical results were shown in Table 7 .
Discussion
Information on lymph node involvement in gastric cancer has a great clinical impact on treatment decisions and survival assessment. The number-based lymph node staging system of UICC classification (seventh edition) was widely used, although a principle flaw is that the prognostic accuracy is influenced by the number of total retrieved lymph nodes [8, 9] . The most recent NCCN guideline recommends that D2 lymphadenectomy should be used to remove an adequate number of lymph nodes (no less than 15); however, some studies reported that ≥15 lymph nodes are harvested in only 29 and 60.2 % of cases in the USA [10] and China [11] . Moreover, the optimal number of retrieved lymph nodes to avoid stage migration remains unclear in some studies [12, 13] . Hence, in cases where the number of tested lymph nodes was insufficient, the staging migration phenomenon may occur.
The LNR system considers both the information of nodal involvement and total lymph nodes tested and can theoretically overcome the limitations of number-based nodal system. Most authors indicated that LNR was superior to the pN system due to the presence of a larger power for minimising staging migration [14] . A recent large cohort study (nearly 9000 cases) on gastric cancer in Korea [15] concluded that Fig. 2 Scatter plots of the relationship between LODDS and the number or ratio of lymph nodes involved: a scatter plots of the relationship between LODDS and the number of metastatic lymph nodes and b scatter plots of the relationship between LODDS and LNR the LNR system is a better alternative for predicting long-term survival and compensating for the stage migration effect. However, due to some limitations, it cannot be considered as an alternative to the current pN staging. First, there is no difference among the patients with negative lymph nodes between the pN and LNR systems, indicating that LNR does not have the ability to distinguish the difference in survival in pN0 patients. Moreover, the cut-off value of LNR reported in several studies is varied [14, 16, 17] . In addition, the patients in the same LNR stage may have different survival outcomes, with a different number of tested lymph nodes [18] .
LODDS-a novel system for assessing the status of lymph node involvement-is an alternative option for the evaluation of metastatic lymph nodes to predict overall survival; however, this system has only been investigated in cases of colon cancer and breast cancer. Following the report of Sun [6] who emphasised the favourable prognostic impact of LODDS in gastric cancer, some studies in China and North America have validated its use for prognostic purposes. Another study [11] proposed a new tumour-LODDS-metastasis (TLM) classification, which was based on the LODDS system, and was superior to the TNM and tumour-ratio-metastasis (TRM) classifications in the prognostic assessment of cases following D2 lymphadenectomy. Some studies did not note any superiority of LODDS over the pN or LNR systems [10, 19] . Yu [20] indicated the LODDS system may reflect a false survival outcome for patients with gastric cancer, with a reduced true hazard ratio of the N status against survival. An ideal lymph node staging system should satisfy three conditions [21] : decreased patient survival with increasing stage (monotonicity), similar survival within a group (homogeneity) and difference in survival between groups (distinctiveness). To our knowledge, the present study is the ) test score, largest AUC and lowest AIC value, indicating that the LODDS system was superior to both the pN system and LNR system. Theoretically, the LODDS system was superior to the pN system in minimising stage migration, particularly in cases where the number of analysed lymph nodes was insufficient [22] . We further interpret that this novel system had a remarkable robustness in terms of the prognostic effect and discrimination ability at different levels of tested lymph nodes. As shown in Table 5 , when the number of retrieved lymph nodes was insufficient (≤10 or [11] [12] [13] [14] , the LODDS system had the best performance in homogeneity, discriminatory ability, monotonicity of gradients and accuracy of the prognosis evaluation, followed by the LNR system and pN system. Moreover, in the present study, the pN and LNR systems were positively correlated with the number of retrieved lymph nodes. However, unlike that reported in the study of Qiu [11] , we found that there was no relationship between the number of tested lymph nodes and the LODDS system, indicating that the LNR and pN systems were affected by the total number of tested lymph nodes, whereas the LODDS system was unaffected. Moreover, Aurello [23] reported that the LODDS system was a function of the number of negative lymph nodes, whereas the LNR system was a function of the number of total retrieved lymph nodes; hence, theoretically, the LODDS system was superior to the LNR system. Jiao [24] explained that cases with an increasing number of tested lymph nodes may reflect better survival, particularly in patients with node-negative gastric cancer. For patients with an LNR value 0 or 1, the LNR system had no discriminatory power. As shown in Fig. 2b , the LODDS system can distinguish patients with an LNR value 0 or 1, which accounted for 39.6 % of the total number of patients. Moreover, using the log-rank test, we noted that LODDS had the ability to distinguish between patients with different pN or LNR systems into distinct prognostic groups. This evidence strongly suggests that the LODDS system may be the most reliable method for lymph node classification in gastric cancer.
Our study had certain limitations. First, all data was obtained from a single institution, and this may not reflect the status 3 22.961 <0.001 LODDS3 126 (55.0 %) 17.6 % LODDS4 103 (45.0 %) 9.7 % in other centres in China. Moreover, the method of calculation in the LODDS system was complicated, which may limit the clinical application of the LODDS system.
In conclusion, the pN, LNR and LODDS systems appear to be independent prognostic factors, as determined by the multivariate analysis. Although the LODDS system was more complex, it showed prognostic superiority over both the pN and LNR systems in our study. It can discriminate survival differences of gastric cancer patients with negative lymph nodes and an insufficient number of retrieved lymph nodes. Hence, the LODDS system should be considered as a novel and promising lymph node staging system for gastric cancer in the future. 
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